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The development of knowledge of horse blood groups is significant in relation to studies of haemolytic disease of the newborn foal (HDNF). The work can be roughly divided into two phases. The first (see Podliachouk 1957 , Adams 1958 followed Landsteiner's work on the ABO system in man; this led to a number of descriptions of'ABO' systems in the horse, but there were never any clear-cut reciprocal arrangements of antigens and antibodies. This was due to a great extent to the rouleaux formation that is a feature of horse blood: it can be so extensive that it is almost impossible to distinguish from true agglutination and consequently would have led to unreliable results.
The second phase was initiated by the discovery that HDNF was caused by isosensitization of the mother as in the analogous condition in man (Bruner et al. 1948 , Caroli & Bessis 1947 , Coombs et al. 1948 . Workers in several countries then started to investigate blood groups by utilizing antibodies obtained from alloimmunization. Most workers have since been concentrating on these studies for monitoring pedigree registration by carrying out parentage tests (Scott 1973) .This has meant that the earlier work involving naturally-occurring antibodies has been largely disregarded, since the reactions were often weak and inconclusive. Table I shows the red-cell group systems currently recognized in horses. There are seven loci; three are currently single-factor systems, and the remaining four are controlled by multiple alleles (notably the D system). The systems important in HDNF are A and Q: the antigen causing the most severe form of the disease is Aa. 
The blood-group systems

HDNF
The most important feature of the disease, comparatively speaking, is that the fetus is not affected in utero, since there is no antenatal transfer of antibodies. The foal is born healthy and succumbs only after it has ingested and absorbed the antibody-loaded colostrum. The small intestine of the foal remains permeable to macromolecules for about 24 hours, after which time absorption becomes selective. During the last month of pregnancy, a mare that is being sensitized to her fetus shows a characteristic rise in serum antibodies against the otTending redcell antigen. Figure I shows a typical antibody pattern for the disease. It is thus possible to identify potential cases of HDNF by screening mares' sera prior to foaling. Those showing a rise in serum antibody levels have their colostrum milked out, whilst the foal (which is muzzled for 24 hours to prevent it sucking the mare) is given substitute colostrum.
Antigens involved in HDNF Aa, Qa, Rand S are the antigens causing sensitization in over 90% of cases of HDNF. The frequencies of the genes controlling these antigens in three different horse breeds are shown in Table 2 . The antigens Rand S are grouped together, since cases of HDNF usually involve both the corresponding antibodies. The mares at risk are those which are negative for any of the above antigens; Table 3 shows the frequency of the negative phenotypes expressed as a percentage of negative mares. On the basis of this data one can arrive at a figure for the number ofmatings in the population which are potential 'HDNF matings'. This figure is calculated by multiplying the frequency of the negative phenotype by that of the positive gene (or the frequency of positive homozygotes plus half the frequency of heterozygotes); Table 4 shows these figures for three breeds of horse. They indicate that, purely on the basis of blood group arrangements, one would expect at least 26.5% of matings in Thoroughbreds to be potential producers of 'haemolytic foals'. The true figure is difficult to estimate: Cronin (1955) suggested that I%of Thoroughbred matings actually produced haemolytic foals; recent experience would indicate that this figure is a maximum. The vast majority of cases ofHDNF which we see are in Thoroughbreds, which is what one would expect from Table 4 . The fact that there are far more births of Thoroughbred foals than of foals in the other breeds is, however, a contributory factor. Table 5 gives a breakdown of 47 cases of HDNF in Thoroughbreds with respect to the causative antigen (also included are 2 cases due to other antigens). It can be seen that the antigens that theoretically provide the least number of opportunities for sensitization to occur, in fact cause the greatest number of cases of HDNF. It must be noted, however, that Aa appears to be more strongly antigenic than other antigens. It is then a puzzle why Shires with 14% of matings open to sensitization with Aa apparently have considerably less cases of HDNF than Thoroughbreds.
Naturally-occurring antibodies
Although there is no experimental proof, it must be that transplacental haemorrhage (TPH) causes isosensitisation, since the mare is apparently being actively stimulated to produce the antibody concerned, as judged by the rising antibody titre during the last month of pregnancy (Franks 1962) . Since it is also the case that a mare having once produced a haemolytic foal tends to continue to do so, it would then appear that TPH could be a normal feature of equine pregnancy. An alternative hypothesis (as suggested for man by Roberts 1957) is that mares producing haemolytic foals are more prone to TPH. If one considers the former possibility, i.e. that TPH is the rule rather than the exception, then there must be some active mechanism protecting against sensitization when TPH occurs. The results of the Liverpool red-cell survival studies (see Gimlette, p 576) suggested that there might have been naturally-occurring antibodies in some of the ponies which were recipients of allogeneic labelled cells, and this was found to be the case (seeClarke, p 574). Consequently, an investigation of sera for naturally-occurring antibodies in Thoroughbreds, Arabs and Shires was undertaken. In order to avoid the complications of rouleaux formation, a two-stage test was used in which the cells were incubated with the deactivated serum for one hour, then washed twice and incubated again for two hours. All tests were carried out at +4°C and the ratio of serum to a 4% cell suspension was 8: 1. This procedure gave clear-cut and reliable results. Table 6 shows the results of screening sera from 50 Thoroughbreds, 25 Arabs and 25 Shires: most naturally-occurring antibodies were found in Shires and the least in Arabs. This is a reflection of the relative frequencies of the Aa and Ca genes in the three breeds, as the majority of antibodies encountered were anti-Aa or anti-Ca. Thus the Shires with Aa and Ca negative phenotypes, having frequencies of 0.38 and 0.54 respectively, showed the largest number of individuals with naturally-occurring antibodies. As far as Thoroughbreds are concerned, protection by naturally-occurring antibodies (against isoimmunization) would apply in only a few cases of the 26.5% potential HDNF matings, since only a small percentage of mares have either anti-Aa or anti-Ca. There may, of course, be other antibodies too weak to detect, although screening apparently negative sera at a ratio of 16: I (serum: cells) in most cases failed to reveal any activity.
A further 84 sera from Thoroughbreds known to be either Aa-or Ca-negative were screened. All the Ca negatives showed an anti-Ca activity; the majority of Aa negatives showed anti-Aa activity, several were weak and some (even at 16: I) showed no evidence of naturally-occurring antibody. Titrations of sera containing anti-Aa or anti-Ca showed the former to have a range of titres from 1-4, but the latter were generally stronger with a range of 2-8.
The small percentage of mares carrying circulating anti-Aa or anti-Ca may be protected by these antibodies from sensitization. Small haemorrhages during pregnancy may be normal, but themselves not capable of causing primary sensitization owing to the action of naturallyoccurring antibodies. The primary sensitization would then have to be caused by a large bleed (probably at parturition, as in man) which would swamp the naturally-occurring antibody in the mare and hence facilitate sensitization. Following the radioisotope 'swamping' experiments described by Gimlette (p 576), this possibility was investigated serologically by means of absorption tests. Various quantities of fetal bleed were simulated in the laboratory using sera containing anti-Aa or anti-Ca. For example, absorbing 10ml of serum with 25 pi of blood was considered to be equivalent to a bleed of 150 ml into a mare with a circulating blood volume of 60 litres. The absorptions were carried out at +4°C for 2 hours, with the tubes being inverted several times every 15 minutes. A range of bleeds from 50 ml to 3 litres were simulated in this way and it was found that: (I) an anti-Aa (titre I) was absorbed (or swamped) by the equivalent of a 300 ml bleed; (2) an anti-Ca (titre 4) was absorbed (or swamped) by the equivalent of a 1200 ml bleed.
Discussion
If it is possible to extrapolate these in vitro findings to the circumstances in the mare, the suggestion is that if naturally-occurring antibodies are protecting it would take a sizeable bleed (in the case of an anti-Ca of average titre) to swamp them. The fact that a large proportion of Shires and many other breeds of horse, particularly the pony breeds, do have naturallyoccurring antibodies, might explain the low incidence ofHDNF in these breeds compared with Thoroughbreds. However, it is still difficult to explain why we do not see more cases ofHDNF in Thoroughbreds, since there is apparently a much lower frequency of naturally-occurring antibodies which might protect.
One important consideration is that there may be naturally-occurring antibodies against other blood group antigens which have gone undetected because of their presence in very small quantities. Further refinement of our techniques may well lead to the detection of such antibodies. The experiments of Woodrow et al. (1975) showed that passive administration of anti-Kell would protect against immunization by the D antigen. This is surely a mimic of the natural situation where ABO incompatibility protects against Rhesus sensitization (excepting that IgG antibodies were used in the experiment). Such a phenomenon could well account for the low incidence ofHDNF, in that any naturally-occurring antibody in the mare, even though of very low titre, would be capable of preventing sensitization by small TPH's. Sensitization should then only occur if there is a sizeable bleed at parturition. The significance of the fact that anti-Aa is one of the two most commonly found naturally-occurring antibodies is difficult to assess when one considers that Aa causes HDNF. This situation would seem to be a natural protection mechanism against isosensitization occurring. However, it is a fact that more cases of HDNF are due to this one antigen than any other. The probability of a Qa-negative mare being protected against sensitization by a Qa-positive fetus by virtue of her possessing anti-Aa or anti-Ca is low (about 0.14 in thoroughbreds). Perhaps she is protected by a weak naturallyoccurring antibody to one of the other red-cell antigens e.g. anti-De or anti-Pa. Such antibodies might be capable of carrying out their protective role until they are overwhelmed by a large fetal bleed. The natural extension of this argument is that mares carrying anti-Aa or anti-Ca would be even better protected in that the titres of these antibodies are relatively higher. Certainly in the case of anti-Ca it would take a fetal bleed of more than 1000 ml to swamp this naturally-occurring antibody. An additional point of interest is the fact that HDNF can be caused by both Qa and RS which are controlled by allelic genes. This means that in the Q system only the heterozygous mares (QRS) are not at risk. This is perhaps an example. of heterozygote advantage maintaining a polymorphism.
Certainly the survival curves and spleen/heart surface count data for transfused allogeneic cells (Gimlette, p 576) are suggestive of the presence of naturally-occurring antibodies. It remains to be seen whether or not serological techniques will reveal the existence of naturally occurring antibodies other than those detected.
